In this paper, a new method for document images or photos binarization is presented. The method is simple, fast and robust and appropriate for normal as well as for special cases of documents like photos, historical documents etc. The proposed method is applied to problematic cases of documents and it is compared to other traditional methods.
Introduction
The transformation of greyscale images to black and white, is a common problem of last decades. Many methods have been proposed as for images as for documents images. However, the increased necessities (automatic historical document processing, digital camera photos of documents etc) require new approaches.
One of the older methods in image binarization is Otsu's [3] , based on the variance of pixel intensity. Bernsen [1] calculates local thresholds using neighbours. Niblack [2] uses local mean and standard deviation. Sauvola [4] presents a method specialized on document images that applies two algorithms in order to calculate a different threshold for each pixel.
In the next section, it is given the description of the algorithm, while in section 3 the algorithm is analysed in detail. Our experimental results and a short comparison with traditional binarization methods are described in section 4. Finally, our conclusions are provided in section 5.
Algorithm Description
As input, we assume grayscale document images or photos where the tones of the foreground (characters, graphics, etc) outrange over the background. As example, consider the historical document of figure 1. Our images are described by the equation:
where x and y are the horizontal and vertical coordinates of the image, and r can take any value between 0 and 1 while r=1 stands for white colour and r=0 stands for black colour. Our intention lays on the transform of the intermediate gray tones to either black (r=0) for foreground or white (r=1) for background.
Figure 1: Historical Documents
The algorithm is based on the fact that a document image includes very few pixels of useful information (foreground) compared to the size of the image (foreground+background). As an indication, in table 1, it is given the amount of black pixels in relation with all the pixels of the image concerning the cleaned version of the mentioned image in black and white (shown in figure 2 ), after the application of our algorithm. The fact is that rarely the amount of black pixels exceeds the 10% of the total pixels in the document. Taking advantage of this fact, we assume that the average value of the pixel values of a document image is determined mainly by the background even if the document is quite clear. This claim is supported from figure 3, where are depicted the histogram of the above example. In the same figure two thresholds, of our method and Otsu's method, as well as the average value in each case are given. It is obvious that the average value is always on the background side, considering either threshold. Using this fact our method consists of two procedures that are applied alternately. In the first part the average colour value of the image is calculated and then subtracted from the image, while in the second part of the algorithm we perform histogram equalization, thus the remaining pixels would expand and take up all of the grayscale tones. The input of the algorithm is assumed to be grayscale documents like the one of figure 1 while the output will be black and white document images like the one of figure 2. Our algorithm consists of the following steps: In the next section, we analyze each of the above steps giving the necessary mathematical relations and examples.
Algorithm Analysis
Considering the equation (1) the calculation of the T i , threshold used in i-th repetition for an MxN document image, is given by the formula:
where I i (x,y) is the image at the i-th repetition. Keeping in mind that 1s stand for background and 0s for foreground the equation used for the subtraction and provides the after-subtraction and before-equalization image I s is:
In each repetition, during the subtraction, a lot of pixels are moved to the side of the background and the rest of the pixels are fading. In figure 4 , the image that corresponds to the T 1 threshold of the document image of figure 1 is shown as well as the image after the first subtraction. After the subtraction step, we adjust the intensity of the image by using the histogram and extending the values to all the colour range from 0 to 1. Since the 1s (background) shouldn't be changed, and the rest of the 
where I s is given by the equation (3) and E i is the minimum pixel value in the image I s during i-th repetition, just before the histogram equalization. In figure 5 , it is shown the document image of fig.1 before and after the first histogram equalization. The corresponding histograms are displayed below the images. Please note that the histograms have been scaled appropriately in order to show more detail. The maximum value is shown on the upper right corner. fig.1 before and after the first histogram equalization and the corresponding histograms. The whole procedure is repeated the necessary times till the document image is satisfactorily cleaned. Each repetition removes more stains from the image. The number of repetitions depends on the image and the intensity of any existent stains, crumples, lighting effects on the image. Since in every repetition the image and the histogram are changing, it is useful to be able to transform the threshold values into values of the initial histogram, in order to have a clear image of the progress in our experiments. Combining the equations (3) and (4) we extract a relation between the final and initial image during a repetition of our algorithm:
where I i is the image after the i-th repetition having used the corresponding thresholds T i and E i for the subtraction and equalization in the repetition, as it has been described above. Thus, using the equation (5) and making the necessary replacements for n repetitions, the corresponding initial value T o , in the initial histogram, of the final threshold T f will be: The termination of the algorithm, the specification of the necessary repetition times, is a problem that occupied us long (fix number of repetitions, values of the above mentioned thresholds T and E, as well as the variation of them or the inter se difference were concerned as criteria). Finally, we noticed that all the documents had a similar behaviour with most changes at the first 1-3 repetitions and very slow modification afterwards.
The necessary amount of repetitions depends very much on the document. as well as on the required result, and it never exceeded the 20 th repetition in our experiments. However, the process after the first repetitions is very slow. In figure 6 we show the thresholds on the histogram of the figure 1 during the 14 first repetitions, while in figure 7 a detail of the document is presented. Thus, we could say that more than one stage could be accepted. Finally, after many experiments, we conclude that the amount of transformed pixels in each repetition is a more objective measure. After numerous experiments, we suggest as a threshold the first repetition that the transformed pixels are less than 3‰ of the document size.
Having already concluded to the right final stage, we binarize the image by turning all the pixels that are not already white (value 1) to black (value 0) 
Experimental Results
As mentioned before in our experiments we used a set of about 100 document images and photos in grey scale. Since, to the best of our knowledge, there is no known database, in order to compare the results we used the methods described in [1, 3, 4] . Some results are shown in figures 8-10, trying to demonstrate the performance of the proposed method in typical cases of document images and photos.
Due to the simplicity of the algorithm, the computational cost is very low in comparison to other algorithms appropriate for document images. For example, the computational cost for the images of the figures 1, 9 and 10 is 22, 21 and 18 seconds, respectively. The algorithm has been implemented in Matlab in Pentium M processor 1.60 Ghz.
Conclusion
In this paper we presented a method appropriate for the binarization, of document images and photos. The method makes use of the fact that the pixels that compose the text in an document, usually, do not exceed the 10% of its size. This allowed us to build an algorithm that consists of two successive stages applied alternatively on the image. The results have been compared with other methods and are quite satisfactory.
The advantages of our algorithm is: simplicity, since it doesn't require any further pre-processing procedure and is based on a simple technique, low computational cost due to its simplicity, and robustness, since it gives the capability to the user to succeed the desirable result in grayscale or binarized final image. 
